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(57) ABSTRACT 

A method for modeling an implant to be applied to a defect 
of a bone comprises the Steps of obtaining a plurality of 
tomographic image data of the bone based on measurement 
data by MRI, producing three-dimensional image data of the 
bone based on the plurality of tomographic image data, and 
estimating a shape of a missing born that was previously 
present or should have been present in the defect of the bone 
to obtain three-dimensional data of the implant. The esti 
mating Step comprises the Steps of estimating a provisional 
shape of the implant which has a contour conformable with 
the shape of a contour of periphery of the side walls of the 
defect at the distal Surface of the bone and has a predeter 
mined thickness, and deleting data of portions of the pro 
visional shape of the implant that overlap the bone from the 
data of the provisional shape of the implant So that the 
three-dimensional data of the implant has an outer peripheral 
shape that is conformable with the shape of the side walls of 
the defect. 
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METHOD FOR MODELING AN MPLANT AND AN 
IMPLANT MANUFACTURED BY THE METHOD 

BACKAGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a method for modeling an 
implant and an implant manufactured by the method. 
0003 2. Description of the Prior Art 
0004. In the case where a part of a bone such as a cranium 
bone, a facial bone or a maxillofacial bone is lost due to an 
accident Such as a traffic accident or the like, an implant 
made of an artificial material is embedded and fixed to a 
defect of the bone (that is, bone defect reconstruction is 
carried out). Such a bone defect reconstruction is also 
carried out when a part of Such a bone is removed due to a 
Surgical operation for a bone tumor or the like. 
0005. In the bone defect reconstruction, the material of 
the implant and its shape are important factors. 
0006 AS for a material of an implant, ceramics or the like 
are widely used because of its excellent biocompatibility. 
0007 On the other hand, conventionally, the shape of an 
implant is determined as follows. 
0008 First, a plurality of different cross-sectional images 
of a bone having a defect are taken with CT. Next, a wood 
plate is processed into a shape corresponding to each CT 
image of the bone. Then, processed plates are Stacked and 
they are bonded together to produce a bone model having the 
shape corresponding to the bone. Then, a clay or the like is 
packed into a part of the defect in the bone model to obtain 
a clay mock-up having the Shape corresponding to the defect 
of the bone. Thus obtained mock-up is formed with steps 
corresponding to the thickness of each plate on the outer 
periphery thereof. 
0009. Then, the mock-up is molded with a resin material 
to obtain a female mold, and then using the female mold a 
male mold made of a resin material is formed. Thereafter, 
the outer periphery of the male mold is shaved using a cutter 
to form a Smooth outer peripheral Surface having no Steps, 
and it is employed as a shape of the implant (a shape of a 
missing bone that should have been present in the defect of 
the bone). 
0.010 However, when the shape of the implant is mod 
eled according to the above method, there are problems. Such 
as follows. 

0.011 Namely, in the method mentioned above, the model 
is formed using a plurality of plates. Each of Such plates has 
a relatively large thickness. Thus, it is difficult to accurately 
form a model of the bone having the defect. 
0012 Further, in the method mentioned above, the outer 
periphery of the male mold is shaved using a cutter or the 
like to form a Smooth outer peripheral Surface, while no 
consideration is paid to the shape of the Side walls of the 
defect of the bone. Therefore, there is a case that the implant 
that is modeled by this method has poor conformity with the 
shape of the defect of the bone. 
0013 In the conventional method, it may be possible to 
improve conformability of the model by making each plate 
thinner, but there is a limit in this approach, thus it is difficult 
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to obtain satisfactory shape conformability. Further, when 
the thickness of the plate is made thinner, it takes a relatively 
long time to manufacture a mock-up. Therefore, this 
approach can not be applied for the case where it is not 
possible to leave a patient with a bone defect for a long time, 
thus this approach is not practical. 

0014 Furthermore, in the case where the shape of an 
implant is determined as described above, it is necessary to 
take a plurality of CT Scanning images along a plurality of 
different croSS Sections of a bone having a defect. However, 
Since CT Scanning images are taken using X-rays, a patient 
is necessarily exposed to predetermined doses of X-ray 
radiations. Further, in order to form a model having a more 
accurate shape, it is necessary to take many more CT 
Scanning images, thus leading to a problem in that a patient 
will be exposed to massive doses of X-ray radiations. 

SUMMARY OF THE INVENTION 

0015. It is therefore an object of the present invention to 
provide a method for modeling an implant having excellent 
shape-conformability with a defect of a bone and to provide 
an implant manufactured by the method. 

0016. In order to achieve the object, the present invention 
is directed to a method for modeling an implant to be applied 
to a defect of a bone which is defined by side walls. The 
method comprises the Steps of obtaining a plurality of 
tomographic image data of the bone based on measurement 
data by MRI, producing three-dimensional image data of the 
bone based on the plurality of tomographic image data; and 
estimating a shape of a missing born that was previously 
present or should have been present in the defect of the bone 
to obtain three-dimensional data of the implant, wherein the 
three-dimensional data of the implant is modeled Such that 
at least a part of the outer periphery of the implant is 
conformable with the shape of the side walls of the defect of 
the bone. 

0017 According to the method described above, it is 
possible to provide an implant having excellent shape 
conformability with a defect of a bone. 

0018. In this method, it is preferred that the tomographic 
image data is obtained by obtaining threshold value invert 
ing data by inverting a threshold value of the measurement 
data by MRI, and then extracting a born region from the 
threshold value inverting data. 

0019. This makes it possible to further improve the 
shape-conformability with the defect of the bone. 

0020) Further, in the method described above, it is also 
preferred that the estimating Step comprises the Steps of: 
estimating a provisional shape of the implant which has a 
contour conformable with the shape of a contour of periph 
ery of the side walls of the defect at the distal surface of the 
bone and has a predetermined thickness, and deleting data of 
portions of the provisional shape of the implant that overlap 
the bone from the data of the provisional shape of the 
implant So that the three-dimensional data of the implant has 
an outer peripheral Shape that is conformable with the shape 
of the side walls of the defect. 

0021. This also makes it possible to further improve the 
shape-conformability with the defect of the bone. 
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0022. Further, the estimating step may comprise the steps 
of producing data of a contour of a distal Surface of the 
implant So that the contour is conformable with the shape of 
a contour of periphery of the Side walls at the distal Surface 
of the bone; estimating a provisional shape of the implant 
which has a predetermined thickness and has a Substantially 
predetermined shape in the thickness direction thereof using 
the data of the contour of the distal Surface of the implant; 
and deleting data of portions of the provisional shape that 
overlap the bone from the data of the provisional shape of 
the implant So that the three-dimensional data of the implant 
has an outer peripheral shape that is conformable with the 
shape of the side walls of the defect. 
0023 This also makes it possible to further improve the 
shape-conformability with the defect of the bone. 
0024. Furthermore, the estimating step may comprise the 
Steps of: producing data of a contour of a distal Surface of the 
implant So that the contour is conformable with the shape of 
a contour of periphery of the Side walls at the distal Surface 
of the bone; estimating a provisional shape of the implant 
which has a predetermined thickness and has a Substantially 
predetermined shape in the thickness direction thereof using 
the data of the contour of the distal Surface of the implant; 
and correcting the data of the provisional shape So that the 
three-dimensional data of the implant has an outer peripheral 
shape that is conformable with the shape of the side walls of 
the defect by comparing the estimated data of the provi 
sional shape of the implant with the data of the side walls of 
the three-dimensional image data. 
0.025 This also makes it possible to further improve the 
shape-conformability with the defect of the bone. 
0026. In the present invention, it is also preferred that 
when the implant is applied to the defect of the bone, the 
distal Surface of the implant forms a continuous Surface with 
the distal Surface of the bone. 

0027. This also makes it possible to further improve the 
shape-conformability with the defect of the bone. 

0028. Further, it is also preferred that the bone substan 
tially has plane Symmetry, in which the estimation of the 
shape of the missing bone is carried out utilizing data of a 
portion in the three-dimensional image data which is plane 
Symmetrical with the defect in the three-dimensional image 
data. 

0029. This also makes it possible to further improve the 
shape-conformability with the defect of the bone. 

0030) 
bone. 

In a preferred embodiment, the bone is a cranium 

0.031 Further, in the method described above, it is pre 
ferred that the plurality of tomographic images for produc 
ing the three-dimensional image data are taken with a 
predetermined slice interval between the adjacent images, in 
which the slice interval is in the range of b 0.1 to 5 mm. 
0032) Another aspect of the present invention is directed 
to an implant which is manufactured based on a model 
prepared in accordance with the modeling method as defined 
in any one of claims 1 to 9. 
0033. The implant has especially excellent shape-con 
formability with the defect of the bone. 
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0034) Further, it is preferred that the implant is manufac 
tured through a manufacturing proceSS which comprises: a 
first Step for forming a layer made of material powder; and 
a Second step for hardening the material powder by making 
at least a part of the layer contact with a reaction liquid, 
wherein the first Step and the Second Step are carried out 
repeatedly to obtain a laminate comprised of a plurality of 
the layers, thereby manufacturing an implant having a shape 
corresponding to the three-dimensional data of the implant 
provided by the modeling method. 
0035. By manufacturing the implant in this way, it is 
possible to have excellent dimensional accuracy even if the 
implant has a complicated Shape. 
0036). In this case, it is preferred that the implant has a 
porosity of 10 to 90 vol%. 
0037. This makes it possible to improve biocompatibility 
with a living body. 
0038. These and other objects, structures and results of 
the present invention will be apparent more clearly when the 
following detailed description of the preferred embodiments 
is considered taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 is an illustration of three-dimensional data 
of a bone produced based on a plurality of tomographic 
image data. 
0040 FIG. 2 is an illustration which shows a state that 
contour data of the distal Surface of a missing bone that 
should have been present in the defect is Superposed on the 
data of the defect of the bone. 

0041 FIG. 3 is an illustration which shows a state that 
data of the missing bone having a predetermined thickness 
is Superposed on the data of the defect of the bone. 
0042 FIG. 4 is an illustration which shows data of the 
missing bone which has been processed So as to conform 
with the inclined surfaces of the side walls of the defect of 
the bone. 

0043 FIG. 5 shows the structure of a manufacturing 
apparatus used in a preferred embodiment of the method for 
manufacturing an implant. 
0044 FIG. 6 shows a first step of the manufacturing 
method of the implant. 
004.5 FIG. 7 shows a second step of the manufacturing 
method of the implant. 
0046 FIG. 8 shows a third step of the manufacturing 
method of the implant. 
0047 FIG. 9 shows a state that the first to third steps 
shown in FIGS. 6 to 8 have been repeatedly carried out. 
0048 FIG. 10 shows the shape of an implant obtained by 
carrying out the first to third steps shown in FIGS. 6 to 8 
repeatedly. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0049. Hereinbelow, based on the accompanying draw 
ings, a detailed description will be made with regard to a 
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preferred embodiment of a method for modeling an implant 
and an implant manufactured by the method according to the 
present invention. 
0050 FIG. 1 is an illustration of three-dimensional data 
of a bone produced based on a plurality of tomographic 
image data, FIG. 2 is an illustration which shows a state that 
contour data of the distal Surface of a missing bone that 
should have been present in the defect is Superposed on the 
data of the defect of the bone, FIG.3 is an illustration which 
shows a State that data of the missing bone having a 
predetermined thickneSS is Superposed on the data of the 
defect of the bone, and FIG. 4 is an illustration which shows 
data of the missing bone which has been processed So as to 
conform with the inclined Surfaces the side walls of the 
defect of the bone. In connection with these drawings, it is 
to be noted that in FIGS. 2 to 4, the upper side is a distal 
Surface (outer Surface) side of the bone in three-dimensional 
data and the lower side is a proximal Surface (inner Surface) 
Side of the bone in the three-dimensional data. 

0051. In the present invention, a bone to which an 
implant is applied is not limited to a specific bone, but it is 
preferred that the implant is applied to a bone having plane 
Symmetry. This is because if a bone has plane Symmetry, it 
is possible to easily estimate the shape of the distal Surface 
of the implant. 

0.052 Examples of such a bone include a cranium bone, 
a facial bone or a maxillofacial bone and the like. The 
following description will be made with regard to an 
example where the implant of the present invention is 
applied to a cranium bone. 
0.053 <Creation of Three-Dimensional Image Data of 
Bones 

0.054 First, as shown in FIG. 1, three-dimensional data 
10 of a bone having a defect is created. The three-dimen 
sional data 10 of the bone is created based on a plurality of 
tomgraphic image data. 

0055. In the present invention, as for such tomographic 
image data, tomographic image data obtained based on 
measurement data by MRI (magnetic resonance imaging) is 
employed. 

0056. The measurement of MRI is performed utilizing a 
magnetic resonance phenomenon. In the case of CT Scan 
ning, exposure to X-ray radiations can not be avoided when 
measurement is carried out. On the other hand, in the case 
of MRI, there is no exposure to X-ray radiations. That is, in 
the case of MRI, Since it is not necessary to consider a risk 
of exposure to X-ray radiations, many tomographic image 
data and more detailed tomographic image data can be 
obtained from a bone to which an implant is applied. AS a 
result, a manufactured implant will have excellent shape 
conformability to the defect of the bone. 

0057. In the meantime, there is a case that the shape of a 
defect of a bone changes with the elapse of time due to bone 
formation (osteogenesis) or the like. Therefore, in order to 
obtain an implant having more excellent shape-conformabil 
ity, it is necessary to shorten a time period from a point of 
time that measurement for obtaining the tomographic image 
data of a bone is carried out to a point of time that bone 
defect reconstruction is carried out. In this regard, MRI does 
not use X-ray, it is not necessary to consider a risk caused 
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by exposure to X-ray radiations even if measurement is 
carried out repeatedly. Therefore, by carrying out measure 
ment of MRI for several times, it is possible to utilize the 
newest tomographic image data to the modeling of an 
implant without accompanying any disadvantage Such as 
exposure to X-ray radiations. As a result, it becomes pos 
Sible to obtain an implant having excellent shape-conform 
ability. 
0058. Further, when CT is used to obtain tomographic 
images of a bone, there is a case that a patient must take a 
forced posture upon measurement depending on a region of 
a defect of a bone. This imposes larger burden to the patient. 
However, in the case of MRI, it is possible to obtain 
tomographic image data along arbitral croSS Sections without 
changing a posture of a patient, the burden to the patient can 
be released or reduced. 

0059. The method for obtaining a plurality of tomo 
graphic image data is not limited to a Specific method, but 
the following method is preferable. Namely, first, by invert 
ing a threshold value of measurement data of MRI to obtain 
threshold value inverting data and then a bone region is 
extracted from the threshold value inverting data. This is 
because of the following reason. 
0060 Abone (bone tissue) is mainly formed of phosphate 
Such as calcium phosphate, So that the content of hydrogen 
atoms is low as compared with other tissues (e.g. muscular 
tissue, connective tissue, epithelial tissue and the like). 
Usually, measurement of MRI is carried out by detecting 
hydrogen atoms (H). Therefore, in the measurement data of 
MRI directly obtained by MRI scanning, an image of a bone 
itself does not appear in a Substantially visible manner. For 
this reason, in the conventional method for modeling an 
implant, measurement data of MRI has not been used, while 
measurement data of CT has been used since a bone itself 
can be clearly visualized based on the measurement data 
thereof. However, in a preferred embodiment of the present 
invention measurement data of MRI is used, in which the 
threshold value of the measurement data of MRI is inverted 
to obtain threshold value inverting data as described above. 
Based on the thus obtained threshold value inverting data, a 
bone region can be clearly imaged, thereby enabling to 
extract only data of a region of a bone (that is, tomographic 
image data of a bone) easily. 
0061. In this regard, it is to be noted that the measurement 
data of MRI is not limited to one obtained by a magnetic 
resonance phenomenon of hydrogen atoms (H). For 
example, the MRI image data may be one obtained by a 
magnetic resonance phenomenon of a nuclide other than 
hydrogen atoms (H) such as 'P. In a living body, P 
(phosphorous) is unevenly distributed in a bone tissue 
particularly. Therefore, if a probe of MRI that is capable of 
detecting "P is used, clear image data of a bone itself can 
be obtained in the form of MRI image data. With this result, 
it becomes possible to obtain tomographic image data of a 
bone without performing a process for inverting a threshold 
value of MRI measurement data. 

0062 By stacking thus obtained plural tomographic data, 
it is possible to produce three-dimensional image data 10. 
0063 The slice interval of the tomographic data (the 
distance between the adjacent tomographic images or Scan 
ning planes) is not limited to a specific value, but 0.1-5 mm 
is preferable, and 0.3-3 mm is more preferable. 
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0064. If the slice interval is less than the lower limit 
value, the number of required tomographic images becomes 
too many depending on the size of the implant. AS, a result, 
a time required for producing the three-dimensional image 
data 10 becomes long and further improvement of quality of 
image of the three-dimensional image data 100 can not be 
expected, So that there is a case that it becomes impossible 
to further improve dimensional accuracy of an implant to be 
manufactured. 

0065. On the other hand, if the slice interval exceeds the 
upper limit value, there is a possibility that quality of the 
three-dimensional image data becomes insufficient. 
0.066 Further, it is preferred that the three-dimensional 
image data 10 is obtained by carrying out a Smoothing 
treatment on the outer Surface after Stacking a plurality of 
tomographic image data. By doing Such a treatment, a 
manufactured implant can have especially excellent shape 
conformability with a defect of a bone. 
0067 Based on the three-dimensional image data thus 
obtained, a shape of a missing bone that was previously 
present or should have been present in the defect 101 is 
estimated, and a shape of Such a missing bone is obtained in 
the form of three-dimensional image data (missing bone data 
13). Based on the missing bone data, three-dimensional data 
of an implant is produced. 

0068 The missing bone data 13 can be obtained by the 
following method. 
0069 <Estimate of a Shape of a Distal Surface of a 
Missing Bone That Should Have Been Present in the Defect 
of the Bones 

0070 To obtain the missing bone data 13, distal surface 
contour data 131 of a missing bone that should have been 
present in the defect 101 is first produced based on the 
three-dimensional image data obtained as described above. 
0071 AS for the distal Surface contour data 131, contour 
data of the distal Surface of a missing bone to be present in 
the defect 101 (which can be obtained from the three 
dimensional image data 10) may be used as it is. However, 
when the three-dimensional image data 10 is obtained from 
a bone having plane Symmetry, it is preferred that the distal 
Surface contour data is obtained in the following manner. 
0072 First, two divided bodies that could be obtained 
when the three-dimensional data 10 is divided along the 
symmetry plane 102, that is a divided body 11 which has the 
defect 101 and a divided body 12 which does not have the 
defect 101 are assumed. 

0.073 Next, at least a part of the distal Surface shape data 
of the divided body 12 is transferred to the side of the 
divided body 11 in an inverting manner. In this case, it is 
necessary that the distal Surface Shape data of the divided 
body 12 to be transferred includes at least shape data of a 
symmetrical non-defect part 103 which is a part of the 
divided body 12 symmetrical to the defect 101. 

0.074. When the distal surface shape data of the divided 
body 12 is transferred in this way, a portion where both the 
shape data are overlapped represents a non-defect part 105 
of the divided body 11 Therefore, by extracting data of a part 
which does not overlap with the distal Surface shape data of 
the divided body 11, it is possible to determine a distal 
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Surface shape (distal Surface shape data 132) of an implant 
to be applied to the defect 101 (see FIG. 2). A contour of 
periphery of thus obtained distal Surface shape data 132 is 
used for contour data 131 of the missing bone data 13. 
0075. By obtaining the contour data 131 in this way, even 
when a shape of a contour of periphery of the inclined 
Surfaces of the side walls 104 of the defect is not known, it 
is possible to obtain Sufficiently accurate contour data 131. 
0076 Further, when using such a method, it is possible to 
obtain shape data of the entire of the distal surface of the 
missing bone to be present in the defect 101 (that is, distal 
surface shape data 132), in addition to the contour data 131. 
By obtaining the distal Surface shape data 132 in this way, 
it becomes possible to estimate a complicated shape of a 
bone Such as fine regularities inherently formed with the 
bone. With this result, a manufactured implant can have 
especially excellent shape-conformability with the defect of 
the bone. 

0077. Further, in the method mentioned above, since the 
distal Surface Shape of the missing bone to be present in the 
defect 101 is estimated using the shape data of other part of 
the bone (that is, the distal Surface shape data of the 
Symmetrical non-defect part 103), it is possible to manufac 
ture an implant having excellent shape-conformability with 
the defect of the bone even if the implant to be manufactured 
has a relatively large size. 
0078. Furthermore, it is preferred that the distal surface 
shape data 132 thus estimated forms a continuous Surface 
with the distal Surface of the three-dimensional image data 
10. This makes it possible for the manufactured implant to 
have especially excellent shape-conformability with the 
defect the bone. 

0079. In the above embodiment, the contour data 131 and 
the distal Surface shape data 132 are obtained Simulta 
neously. However, these data may be obtained separately. 
For example, the distal Surface shape data 132 may be 
determined after obtaining the contour data 131. 
0080 <Estimation for the Thickness of the Implant> 
0081. The shape of the implant having a predetermined 
thickness is estimated using the distal Surface shape data 132 
that is estimated in the manner described above, and thereby 
obtaining data of a provisional shape of an implant from 
which the missing bone data 13 is obtained. 
0082) Usually, the thickness of the implant is estimated 
based on the thickness of the bone at the non-defect part 105. 
0083. When the thickness of the implant is estimated in 
this manner, the contour of the outer periphery of the implant 
usually has Substantially the same shape along its thickneSS 
direction. In other words, the Outer peripheral Surface of the 
provisional shape of the implant (that is, the outer peripheral 
surface to be in contact with the side walls 104) has a smooth 
shape in the thickness direction having Substantially no 
regularities. 
0084. In this regard, it is to be noted that the provisional 
shape data of the implant may be in the form of any 
three-dimensional data represented by dots, lines or planes. 
0085) <Estimation (Correction) For the Shape of the 
Outer Peripheral Surface to be in Contact With the Side 
Walls.> 

0086. In the meantime, the side walls of the defect of the 
bone usually have fine irregularities. Namely, the Side walls 
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do not have a constant shape in the thickness direction of the 
bone. In many cases, the area of the distal Surface Side of the 
defect tends to be larger than the area of the proximal Surface 
side thereof. This is because a defect of a bone has been 
normally processed into a shape by which an implant does 
not fall into the inside of a cranium bone before the implant 
is applied to the defect. 

0087. Therefore, the provisional shape data of the 
implant obtained in the manner described above necessarily 
contains overlapping portions which Overlap with the non 
defect part 105 of the three-dimensional image data 10 when 
the provisional shape data of the implant is Superposed on 
the defect 101 in the three-dimensional image data 10. These 
overlapping portions are shown in FIG. 3 as triangular 
shapes with hatchings. If Such overlapping portions are left 
as they are, a manufactured implant will not be conformable 
with the side walls of the defect when it is applied to the 
defect of the bone. 

0088. Therefore, in the present invention, the provisional 
shape data of the implant is corrected So as to be conform 
able with the shape of the side walls 104 when the provi 
Sional shape data of the implant is Superposed on the defect 
101 in the three-dimensional image data 10, thereby obtain 
ing the missing bone data 13. Namely, one of the features of 
the present invention resides in that an implant is modeled 
So that a finally manufactured implant can have good 
conformability with the side walls of the defect of the bone. 

0089. Such correction is carried out for example by 
deleting the data of the overlapping portions 133 where the 
provisional shape data of the implant overlaps with the 
non-defect part 105 from the provisional shape data of the 
implant in the State that the distal Surface shape data 132 is 
in conformity with the contour of the defect at the distal 
surface side thereof (see FIG. 4). The provisional shape data 
of the implant which has been corrected in this way is used 
as the missing bone data 13, and based on the missing bone 
data 13, three-dimensional data of an implant is obtained. 

0090 An implant manufactured based on the three-di 
mensional data of the implant will have excellent conform 
ability with the shape of the side walls of the defect of the 
bone. As a result, the manufactured implant will have 
excellent stability when it is applied to the bone. 

0.091 Further, in the present invention, since an implant 
is modeled so that it will be conformable with the shape of 
the Side walls of the defect of the bone, a trimming proceSS 
for the implant, which has been carried out during Surgical 
operation in the conventional method, can be omitted or 
Simplified. As a result, it is possible to shorten a time 
required for the operation, thereby enabling to reduce the 
burden to a patient. 

0092. The missing bone data 13 obtained in the manner 
described above can be used as shape data (that is, the 
three-dimensional data of the implant) for manufacturing an 
implant as it is, or further corrections may be made thereto, 
if necessary. Examples of Such corrections to the missing 
bone data 13 include changes in curvature or thickneSS for 
at least a part thereof. By making Such corrections, a finally 
manufactured implant will have especially excellent shape 
conformability with a bone. Further, an implant modeled 
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according to the method of the present invention may have 
a mirror image relationship with respect to the Symmetrical 
non-defect part 103, or may not have Such a relationship. 
0093. The missing bone data 13 obtained in the manner 
described above is acceptable if at least a part of the 
periphery thereof is conformable with the shape of the side 
walls 104 of the defect in the three-dimensional image data. 
However, it is preferred that the missing bone data 13 
conforms with the shape of the side walls of the defect in the 
three-dimensional image data 10 through the entire of the 
outer periphery thereof. In the latter case, a finally manu 
factured implant will have a further improved stability when 
applied to a defect of a bone. 
0094) <Manufacture of the Implant> 
0095 Next, a description will be made with regard to the 
implant of the present invention. The implant of the present 
invention is manufactured based on the modeling method 
described above. In this regard, it is to be noted that, when 
manufacturing an implant, various treatments Such as rota 
tion and the like may be made to the finally obtained missing 
bone data 13 (to which the correction has been already 
carried out) which is obtained by the method described 
above. 

0096. Hereinbelow, a description will be made with 
regard to a method for manufacturing an implant based on 
a preferred embodiment shown in the accompanying draw 
ings. 
0097 FIG. 5 shows the structure of a manufacturing 
apparatus used in a preferred embodiment of the method for 
manufacturing an implant, FIG. 6 shows a first step of the 
manufacturing method of the implant, FIG. 7 shows a 
Second Step of the manufacturing method of the implant, 
FIG. 8 shows a third step of the manufacturing method of 
the implant, FIG. 9 shows a state that the first to third steps 
shown in FIGS. 6 to 8 have been repeatedly carried out, 
FIG. 10 shows the shape of an implant obtained by carrying 
out the first to third steps shown in FIGS. 6 to 8 repeatedly. 
0098. The implant 9 of the present invention can be 
manufactured using the manufacturing apparatus shown in 
FIG. 5, for example. 
0099. As shown in FIG. 5, generally, the implant manu 
facturing apparatuS 1 includes a material powder Supply 
Section (tank) 2, an implant forming stage 3, a roller 4 and 
a liquid Supply head 5. 
0100. In the material powder supply section 2, a material 
powder 6 used for manufacturing the implant 9 is stored. 
0101. Abottom portion 21 of the material powder supply 
Section 2 is constructed from a piston which is movable in 
the vertical direction. 

0102) The implant forming stage 3 is a stage on which the 
material powder 6 Supplied from the material powder Supply 
Section 2 is reacted with a reaction liquid 7 to manufacture 
the implant 9. 
0103) The implant forming stage 3 is also constructed so 
as to be movable in the vertical direction. 

0104. The roller 4 rotates about an axis 41 to move over 
the material powder Supply Section 2 and the implant 
forming Stage 3 Substantially in the horizontal direction. The 
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roller 4 has a function of forming a layer 61 on the implant 
forming Stage 3 using the material powder from the material 
powder Supply Section 2. 
0105 The liquid supply head 5 has a function of dispens 
ing the reaction liquid 7 toward at least a part of the layer 61 
formed of the material powder 6. 
0106. In this regard, it is to be noted that each of the 
material powder Supply Section 2, the implant forming Stage 
3 and the roller 4 has a predetermined length along the depth 
direction, that is the direction perpendicular to the sheet of 
FIG. 5. Further, the liquid Supply head 5 moves in the 
horizontal direction together with the roller 4, and it can also 
move along the depth direction while moving in the hori 
Zontal direction. 

0107 Hereinbelow, a description will be made with 
regard to each of the Steps of the manufacturing method 
using the implant manufacturing apparatus 1. 

0108 (1) Forming a Layer Made of the Material Power 
(First Step) 
0109 First, using the material powder in the material 
powder Supply Section 2, the layer 61 made of the material 
powder 61 is formed on the implant forming Stage 3. 
0110. As shown in FIG. 6, in this embodiment, when the 
roller 4 moves over the material powder Supply Section 2 and 
the Implant forming Stage 3 in the horizontal direction with 
being rotated about the axis 41, the material powder at the 
vicinity of the upper Surface of the material powder Supply 
Section 2 is Supplied onto the implant forming Stage 3 to 
form the layer 61. 
0111. There is no specific limitation to the average thick 
ness of thus formed layer 61, but preferably the average 
thickneSS is In the range of 0.1 mm to 0.5 mm, and more 
preferably in the range of 0.1 to 0.3 mm. 
0112) If the average thickness of the layer 61 is less than 
the lower limit value, there is tendency that the layer 61 has 
uneven thicknesses at various portions thereof. Further, 
depending on the size of the implant to be manufactured, it 
takes a long time to manufacture the implant, thus resulting 
in the lowered productivity. 
0113. On the other hand, if the average thickness of the 
layer 61 exceeds the above upper limit value, the reaction 
liquid 7 will not be reacted sufficiently, so that there is a 
possibility that the mechanical Strength of the obtained 
implant 9 becomes insufficient. Further, there is tendency 
that the dimensional precision of the manufactured implant 
9 becomes lowered. 

0114. The remaining part of the material powder 6 that 
has been Supplied from the material powder Supply Section 
2 is collected to a material powder collecting Section (tank) 
8. 

0115 (2) Dispensing the Reaction Liquid (Second Step) 
0.116) Next, at least a part of the layer 61 formed in a 
manner described above is made contact with the reaction 
liquid 7. The reaction liquid 7 is dispensed onto the layer 61 
at various points by moving the liquid Supply head 5 along 
not only the horizontal direction but also the depth direction. 
0117. With this result, chemical reaction is developed 
between the reaction liquid 7 and the material powder 6 
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forming the layer 61. Due to the chemical reaction, the 
material powder 6 is hardened to form a hardening portion 
62. 

0118. In this way, it is possible to harden the material 
powder 6 without adding any binder. Accordingly, it is 
possible to obtain an implant 9 having a high purity con 
taining leSS impurities. As a result, the obtained implant 9 
can have especially excellent biocompatibility. The details 
of the material powder 6 and the reaction liquid 7 will be 
described later. 

0119). In this embodiment, the reaction liquid is dispensed 
from the liquid Supply head 5 as droplets. By Supplying the 
reaction liquid as droplets, the material powder 6 can be 
made contact with the reaction liquid accurately and effi 
ciently at a target position. As a result, the dimensional 
accuracy of the obtained implant 9 becomes further excel 
lent, and the productivity can also be improved. 
0.120. As shown in FIG. 7, in this step, the liquid supply 
head 5 moves above the material powder Supply Section 2 
and the implant forming Stage 3 Sequentially in the horizon 
tal direction to dispense the reaction liquid 7 as droplets So 
that the hardening portion 62 has a target pattern. The 
dispensing pattern of the reaction liquid 7 is determined 
based on the three-dimensional pattern of the implant 
obtained by the implant modeling method described above. 
Further, if the hardening portion 62 will be shrunk in the 
later Step, the dispensing patter is determined by taking the 
pOSSible Shrinkage into account. 
0121 (3) Third Step 
0.122 Then, by moving the bottom 21 of the material 
powder Supply Section 2 upwardly, the height of the upper 
Surface of the material powder 6 in the material powder 
Supply Section 2 is adjusted. Further, by moving the implant 
forming Stage 3 downwardly, the height of the upper Surface 
of the layer 61 is adjusted. 
0123. In this case, it is preferred that the moving distance 
of the bottom 21 is substantially the same as the height of the 
material powder that has been Supplied from the material 
powder Supply Section 2 in the first Step. Further, it is also 
preferred that the moving distance of the implant forming 
Stage 3 is Substantially the same as the average thickness of 
the layer 61 formed in the first step. This makes it possible 
to keep the thickness of each of the Stacked layerS 62 
COnStant. 

0.124. Thereafter, by repeating the first, second and third 
steps, a number of layers 61 are stacked as shown in FIG. 
9 So that an implant having a shape corresponding to the 
three-dimensional pattern obtained by the modeling method 
described above is formed from the hardening portions 62. 
0.125 AS described above, in this embodiment, an 
implant 9 having the target shape is manufactured by Stack 
ing hardening portions 62. Therefore, even in the case where 
the target implant 9 has a complicated shape. It is possible 
to manufacture it easily. Further, it is also possible to obtain 
an implant 9 having excellent dimensional accuracy. Fur 
thermore, Since a target implant 9 can be manufactured in a 
relatively short period of time, this can be used for emer 
gency operation or the like. 
0126 Thereafter, as shown in FIG. 10, the implant 
forming Stage 3 is moved upwardly to remove the unhard 
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ened material powder, thereby enabling to obtain a three 
dimensional implant 9 having the target shape. Such unhard 
ened material powder 6 can be removed by blowing air 
thereto, for example. 
0127. If necessary, other treatments such as sintering or 
impregnation of drugs (e.g. bone formation factor Such as 
BMP, TGF, bone inducing factor such as PG) may be carried 
out as pre-treatment, intermediate treatment or post-treat 
ment. 

0128. It is preferred that thus obtained implant 9 has an 
adequate porosity. If the implant has Such a porosity, osteo 
blast will easily enter the pores of the implant 9 when the 
implant 9 is implanted into a living body so that bone 
formation progresses Smoothly. As a result, it is possible to 
Shorten a time required until the implant will exhibit an 
stable effect. The porosity of the implant 9 is preferably in 
the range of 10 to 90 vol%, and more preferably: in the range 
of 30 to 80 vol%. 

0129. Further, it is also preferred that the pores formed in 
the implant 9 are continued with each other and the average 
pore size thereof is greater than 100 lim. If the average pore 
size is less than 100 um, osteoblast will be hard to enter the 
pores in the implant 9, so that there is a possibility that bone 
formation will not be difficult to progress. 
0130. On the other hand, if the porosity of the implant 9 
exceeds the above upper limit value, there is a possibility 
that the implant 9 can not have Sufficient mechanical 
Strength. 

0131 AS described above, in this embodiment, the mate 
rial powder 6 is hardened by the reaction between the 
material powder 6 and the reaction liquid 7. This means that 
it is possible to harden the material powder 6 without adding 
any binder. Therefore, the obtained implant 9 contains less 
impurities to have high purity. With this result, the obtained 
implant 9 has especially excellent biocompatibility. 

0132) Further, of course, the material powder 6 and the 
reaction liquid 7 also have excellent biocompatibility. There 
fore, eve in the case where unreacted material powder and/or 
reaction liquid remain in the implant due to Some reasons, it 
is possible to Suppress that any adverse effect will arise in a 
living body. 

0.133 Hereinbelow, a description will be made with 
regard to the material powder 6 and the reaction liquid 7 in 
more details. 

0134) <Material Powders 
0135) In this embodiment, as for the material powder, 
powder containing C-tricalcium phosphate (C-TCP), tetra 
calcium phosphate (TeCP) and calcium hydrogen phosphate 
may be used, for example. 

0136. The C-tricalcium phosphate (O-TCP) and tetracal 
cium phosphate (TeCP) may be those produced by the know 
methods, respectively. Alternatively, mixture of C-trical 
cium phosphate and tetracalcium phosphate which is 
obtained by Sintering hydroxyapatite may be used for the 
powder. 

0.137 When sintering hydroxyapatite, the sintering may 
be carried out under reduced pressure at a temperature of 
1150° C. to 1450° C. for about one hour, for example 
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0.138 Further, as for the calcium hydrogen phosphate, it 
may be produced by any one of the known methods, and 
either of anhydrate (CaHPO) or hydrate (e.g. dihydrate 
such as CaHPO.2H2O and the like) may be used. 
0.139. If necessary, the material powder may further, 
contain hydroxyapatite, fluorine apatite, B-tricalclum phos 
phate, calcium pyrophosphate and the like in addition to the 
above described three components. 
0140. The material powder 6 is chemically reacted when 

it is made contact with the reaction liquid described later to 
be hardened. 

0141 Further, the Ca/P ratio of the material powder 6 is 
preferably in the range of 1.40 to 1.80, and more preferably 
in the range of 1.40 to 1.67. If the Ca/Pratio is less than 1.40 
or more than 1.80, there is a case that the reaction speed 
when hardening is lowered, or the mechanical Strength of the 
obtained implant 9 is lowered. 
0.142 Furthermore, if necessary, the material powder 6 
may further contain as additives bone formation factor Such 
as BMP and TGF, bone inducing factor Such as PG, and/or 
antibacterial agent. Examples of antibacterial agent include 
iodoform, chlorhexidine and the like. 

0143. The average particle size of the material powder 6 
is preferably in the range of 10 to 100 um, and more 
preferably in the range of 20 to 40 um. 

0144. If the average particle size of the material powder 
6 is Smaller than the lower limit value, it becomes difficult 
to handle the material powder 6. Further, if the average 
particle Size of the material powder 6 is Smaller than the 
lower limit value, the porosity of the obtained implant 9 
becomes too low, thus resulting in the case that bone 
formation will be difficult to progress. 
0145 On the other hand, if the average particle size of the 
material powder 6 exceeds the above upper limit value, there 
is a case that Sufficient dimensional accuracy will not be 
obtained depending on the Size of an implant 9 to be 
manufactured. 

0146) <Reaction Liquidd 
0147 AS for the reaction liquid 7, various types may be 
used if they can be reacted with the material powder 6 so that 
the material powder 6 is hardened, but water or one con 
taining water as a major component thereof is preferable. 
0.148. By using Such a reaction liquid, a hardening por 
tion 62 which is formed by the reaction of the material 
powder 6 with the reaction liquid 7 can have especially 
excellent mechanical Strength. Further, when water or one 
containing water as a major component thereof is used as the 
reaction liquid 7, an apatite (such as hydroxyapatite or 
octacalcium phosphate) will be produced, and Such an 
apatite has especially excellent biocompatibility. As a result, 
it is possible to provide an implant 9 having high Safety. 

014.9 The reaction liquid 7 may further contain as con 
Stituents other than water. Example of Such additional con 
Stituents Include organic acids Such as acetic acid, lactic 
acid, citric acid, malic acid, malonic acid, Succinic acid, 
glutaric acid, tartaric acid, polyacrylic acid, gluconic acid; 
inorganic acids Such as phosphoric acid; pH adjusting agent; 
thickener: X-ray contrast agent; antibacterial agent, bone 
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formation factor such as BMP and TGF; bone inducing 
factor Such as PG; and the like. 
0150. Further, the reaction liquid 7 may contain any 
insoluble constituents if the reaction liquid 7 still has suf 
ficient fluidity. 
0151. In the foregoing, the method for manufacturing an 
implant and the implant manufactured by the method 
according to the present invention have been described, but 
the present invention is not limited thereto. 
0152 For example, the above description of the embodi 
ment has been directed to the case where the implant is 
applied to a cranium bone. However, the present invention 
is not limited thereto, and the present invention may be 
applied to various bones other than the cranium bone. 
0153. Further, in the above embodiment, the reaction 
liquid is described as being the type that can be chemically 
reacted with the material powder to harden the material 
powder, but the reaction liquid of the present invention is not 
limited to Such a type. Namely, various types of reaction 
liquids may be used if they can harden the material powder. 
For example, a liquid containing methylcellulose or poly 
vinyl alcohol which can harden the material powder without 
chemical reaction may be used (namely, a binder type 
reaction liquid may be used). 
0154 As described above, according to the present 
invention, it is possible to provide an implant having excel 
lent shape-conformability with a defect of a bone. 
O155 In particular, since the present invention utilizes 
tomographic image data of the a bone obtained from mea 
Surement data of MRI for forming three-dimensional image 
of the bone, it is possible to provide an implant having 
excellent shape-conformability with a defect of a bone 
without giving an adverse effect Such as exposure to X-ray 
irradiations to a patient. 
0156 Further, in the present invention, even if an implant 
has a relatively large size, it is possible to provide an implant 
having excellent shape-conformability with a defect of a 
bone. 

O157. Furthermore, in the present invention, it is possible 
to omit or simplify a trimming treatment which is carried out 
upon operation in the conventional method. As a result, a 
time required for operation can be shortened, thus resulting 
in reduced burden to a patient. 
0158 Moreover, according to the present invention, it is 
also possible to form an implant having excellent shape 
conformability with a defect of a bone which can be used for 
other bones Such as a facial bone or a maxillofacial bone for 
which it were difficult to estimate a shape of a missing bone 
to be present in a defect of the bone by the conventional 
method. 

0159 Finally, it is to be understood that many changes 
and additions may be made to the embodiments described 
above without departing from the Scope and Spirit of the 
invention as defined in the following claims. 
0.160) Further, it is also to be understood that the present 
disclosure relates to Subject matter contained in Japanese 
Patent Application No. 2002-218153 (filed on Jul. 26, 2002) 
which is expressly incorporated herein by reference in its 
entireties. 
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What is claimed is: 
1. A method for modeling an implant to be applied to a 

defect of a bone, the defect having Side walls, comprising the 
Steps of 

obtaining a plurality of tomographic image data of the 
bone based on measurement data by MRI: 

producing three-dimensional image data of the bone 
based on the plurality of tomographic image data; and 

estimating a shape of a missing born that was previously 
present or should have been present in the defect of the 
bone to obtain three-dimensional data of the implant, 
wherein the three-dimensional data of the implant is 
modeled Such that at least a part of the Outer periphery 
of the implant is conformable with the shape of the side 
walls of the defect of the bone. 

2. The method as claimed in claim 1, wherein the tomo 
graphic image data is obtained by obtaining threshold value 
inverting data by inverting a threshold value of the mea 
Surement data by MRI, and then extracting a born region 
from the threshold value inverting data. 

3. The method as claimed in claim 1, wherein the esti 
mating Step comprises the Steps of: 

estimating a provisional shape of the implant which has a 
contour conformable with the Shape of a contour of 
periphery of the side walls of the defect at the distal 
Surface of the bone and has a predetermined thickness; 
and 

deleting data of portions of the provisional shape of the 
implant that overlap the bone from the data of the 
provisional shape of the implant So that the three 
dimensional data of the implant has an outer peripheral 
shape that is conformable with the shape of the side 
walls of the defect. 

4. The method as claimed in claim 1, wherein the esti 
mating Step comprises the Steps of: 

producing data of a contour of a distal Surface of the 
implant so that the contour is conformable with the 
shape of a contour of periphery of the Side walls at the 
distal Surface of the bone; 

estimating a provisional shape of the implant which has a 
predetermined thickness and has a Substantially prede 
termined shape in the thickness direction thereof using 
the data of the contour of the distal Surface of the 
implant, and 

deleting data of portions of the provisional shape that 
Overlap the bone from the data of the provisional shape 
of the implant so that the three-dimensional data of the 
implant has an outer peripheral shape that is conform 
able with the shape of the side walls of the defect. 

5. The method as claimed in claim 1, wherein the esti 
mating Step comprises the Steps of: 

producing data of a contour of a distal Surface of the 
implant so that the contour is conformable with the 
shape of a contour of periphery of the Side walls at the 
distal Surface of the bone; 

estimating a provisional shape of the implant which has a 
predetermined thickness and has a Substantially prede 
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termined shape in the thickness direction thereof using 
the data of the contour of the distal Surface of the 
implant, and 

correcting the data of the provisional shape So that the 
three-dimensional data of the implant has an outer 
peripheral shape that is conformable with the shape of 
the Side walls of the defect by comparing the estimated 
data of the provisional shape of the implant with the 
data of the Side walls of the three-dimensional image 
data. 

6. The method as claimed in claim 1, wherein when the 
implant is applied to the defect of the bone, the distal Surface 
of the implant forms a continuous Surface with the distal 
Surface of the bone. 

7. The method as claimed in claim 1, wherein the bone 
Substantially has plane Symmetry, in which the estimation of 
the shape of the missing bone is carried out utilizing data of 
a portion in the three-dimensional image data which is 
plane-symmetrical with the defect in the three-dimensional 
image data. 

8. The method as claimed in claim 1, wherein the bone is 
a cranium bone. 

9. The method as claimed in claim 1, wherein the plurality 
of tomographic images for producing the three-dimensional 
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image data are taken with a predetermined Slice interval 
between the adjacent images, in which the slice interval is in 
the range of b 0.1 to 5 mm. 

10. An implant which is manufactured based on a model 
prepared in accordance with the modeling method as defined 
in any one of claims 1 to 9. 

11. The implant as claimed in claim 10, wherein the 
implant is manufactured through a manufacturing process 
which comprises: 

a first Step for forming a layer made of material powder; 
and 

a Second step for hardening the material powder by 
making at least a part of the layer contact with a 
reaction liquid, 

wherein the first Step and the Second step are carried out 
repeatedly to obtain a laminate comprised of a plurality 
of the layers, thereby manufacturing an implant having 
a shape corresponding to the three-dimensional data of 
the implant provided by the modeling method. 

12. The implant as claimed in claim 10, wherein the 
implant has a porosity of 10 to 90 vol%. 

k k k k k 


